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ABSTRACT

Data modeling techniques have been used extensively i n the
development o f an emerging standard f o r the exchange o f product
design and manufacturing information. PDES, Inc., an industry
cooperative, i s applying resources t o accelerate the development
and implementation o f t h i s emerging standard, the Product Data
Exchange Speci f icat ion (PDES). A n object ive o f PDES, Inc. i s t o
va l ida te the completeness and usabil i ty o f the specif ication.
This paper describes some st ra teg ic and technical issues which
d i rec t ly impact t h i s e f f o r t . Experience w i t h actual va l i da t i on
ac t i v i t i e s ident i f ied the need t o develop addi t iona l requirements
documentation. This paper serves as the background f o r a ser ies
o f papers which will describe the actual methods and processes
used in the requirements speci f icat ion ac t iv i ty . Three types o f
resu l ts came out o f t h i s requirements act iv i ty . The form o f t h e
pro jec t deliverables changed considerably. Insights on
conducting requirements ac t i v i t i es were identif ied. New issues
on the re la t ionsh ip o f th is work t o port ions o f the spec i f i ca t i on
were iden t i f ied .

Introductioq

The Product Data Exchange Speci f icat ion (PDES) i s an emerging
standard f o r t h e exchange and integrated use o f product
informat ion over the l i fe - cyc le o f a product ( f ig. 1). This
speci f icat ion will play a key r o l e i n improving competitiveness
and the a b i l i t y t o manufacture products i n a world market
[COO88].

The need f o r standardization has been national ly [HEN883 and
in te rna t iona l l y recognized. Subcommittee 4 o f the I n t e r n a t i o n a l
Standards Organization ( I S O ) , Technical Committee 1 8 4 (TC184),
passed a reso lu t ion describing the need for such a standard
(Resolution 1, I S 0 TC184/SC4, July 1984) ; t h i s need has been
rea f f i rmed on a number o f occasions. The development has
requ i red enormous amount o f technical e f fo r t . There have been
hundreds o f contr ibutors f rom a wide spectrum o f industry. The
na t iona l e f f o r t has been coordinated by the IGES/PDES
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Organizat ion [ S M I 8 9 ] and the in ternat iona l e f f o r t has occurred
within Working Group 1 o f I S 0 TC184/SC4. Both o f these standards
organizat ions have the common goal o f having a single standard.
The f i r s t working d r a f t o f the spec i f ica t ion has been submitted
t o I S 0 TC184/SC4 [SMI88 ] . It has been registered with I S 0 as
D r a f t Proposal 10303.

PDES d i f f e r s f r o m many ex is t ing standards i n t h a t it i s not based
upon any proven implementation. The scope, complexity,
divergence o f approaches, divergence o f disciplines, and
immediacy o f need demand coordinated action. Achieving a q u a l i t y
standard which i s useful across industry boundaries i s o f the
utmost concern.

The I S 0 b a l l o t on the d r a f t proposal and the Uni ted Sta tes b a l l o t
response made t w o facts evident. F i rs t , an enormous amount o f
technical e f f o r t has been accomplished. Second, t h e e f f o r t i s
no t complete and the content i s untested. The b a l l o t has
ident i f ied w h a t areas need the most e f f o r t as we l l as many
spec i f ic def ic iencies with some proposed solutions. I n th is
respect, the b a l l o t was posit ive. The ba l l o t was the f i r s t
comprehensive evaluat ion o f the technical content, and it i s
helping t o set the p r i o r i t i e s o f the committees involved i n t h e
development.

Another organizat ion i s also working towards the common goal o f a
quality standard. PDES, Inc. i s a cooperative o f more than
twenty companies f r o m the aerospace, automotive, computer, ship
building, and other manufacturing sectors. PDES, Inc. was formed
t o accelerate the development, val idat ion, standardization, and
implementation o f PDES. This organizat ion has advantages over a
standards organizat ion o f full - time resources, a r e s t r i c t e d
scope, and a more cont ro l lab le organization. PDES, IRC.has
government associates as wel l . The Nat ional Inst i tute o f
Standards and Technology (NIST) i s one: NIST's Nat ional PDES
Testbed has par t ic ipated by providing test ing f a c i l i t i e s , by
contributing t o t e s t development, and through configurat ion
con t ro l o f the standards documents [F'UR89]. The requirements
e f f o r t described i s being conducted by PDES, Inc. w i t h NIST
part ic ipat ion. A l l authors were p a r t of t h i s requirements
ac t i v i t y .

The focus o f t h i s paper i s on providing a framework f o r PDES,
Inc. va l idat ion e f f o r t s and identify how th is a f f e c t s the PDES
specif icat ion. Data modeling has been and continues t o be a
fundamental technology used i n developing the specif icat ion.
This r e p o r t i s designed t o provide the foundation f o r a ser ies of
papers which will f o l l o w the process o f using the formal
descript ion techniques fo r describing information requirements
and f o r ensuring t h a t a model which embodies these requirements
i s useful f o r the purpose intended. The series will describe:
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t h e methodologies used f o r documenting requirements and
developing in foma t i on models:
the process o f developing informat ion models:
a methodology fo r model va l i da t i on and a descript ion of
test ing techniques; and
the development of t e s t c r i t e r i a , test ing sui tes, t e s t
procedures and such.

The ser ies will makes some important dist inct ions between
appropr iate va l ida t ion techniques f o r models containing
informat ion requirements.

The r e s t o f the discussion i n t h i s paper provides add i t i ona l
background m a t e r i a l t h a t will be needed t o understand the ser ies
o f papers. Cer ta in bar r ie rs t o providing e f f ec t i ve feedback and
acceptable technical solut ions t o the standards organizations
have impacted the c r i t i c a l success factors f o r th is pro jec t .
Identifying c r i t e r i a t o judge the success o f a p r o j e c t o r
requirements a c t i v i t y i s very important.

A f t e r some experience was gained by PDES, Inc. pro jec t members, a
review occurred in the form o f a requirements ac t i v i t y . A b r i e f
introduction t o t h i s requirements ac t i v i t y i s provided, and the
resul ts are described along dith t h e i r e f f e c t on the PDES, Inc.
p ro jec t as a whole.. The findings changed the form o f the pro jec t
del iverables considerably. Insights on conducting a requirements
a c t i v i t i e s are identif ied. New issues on the re la t ionsh ip o f
t h i s work t o portions o f the speci f icat ion were ident i f ied.
Final ly, the current d i rect ion o f the pro jec t i s provided.

The I n i t i a l Sta t4

The PDES, Inc. p ro jec t began i t s e f f o r t s with a co l l ec t i on o f
conceptual in format ion models and the formal descriptive language
models which were developed by the standards organization. The
pro jec t was divided i n t o three teams. One team focused on
improvements t o these baseline models such as completing t h e
documentation. One team concentrated on test ing and validating
the models. The third team was responsible f o r the software
environment and prototype implementations.

The decision was made in the f i r s t phase o f the p ro j ec t t o limit
the scope t o mechanical piece parts and r i g i d body assemblies.
I n addit ion, this in i t ia l phase was only concerned with PDES used
f o r exchange purposes and not f o r the integrated sharing o f
product data between processes. The modeling team ident i f ied the
subset o f models needed f o r t h i s purpose. This team.studied,
evaluated the quali ty o f the modeling, and corrected
deficiencies. The val idat ion team developed a model va l ida t ion
methodology which was adapted f rom accepted software testing
methodologies IHET88J. The implementation team concentrated on
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putting together a prototyping environment. Some months o f work
t o o k place, and reworked models were released as feedback t o t h e
standards organization. There were d i f f i cu l t i es associated with
completing the models and test ing them. A l i m i t e d number o f
these problems have more general relevance t o data modeling
projects, and these deserve discussion.

B a r r i e r s t o Makincf it Work

The ba r r i e r s t o providing e f f ec t i ve feedback and technical
solutions t h a t are accepted by the standards organ iza t ion r e a l l y
f a l l i n t o t w o categories: those which are re l a t ed t o PDES
s t ra teg ic issues and those which are technical issues. The
st ra teg ic category includes scoping issues and the standard -
making process. The technical concerns involve the use o f
mult ip le data modeling methodologies, the lack o f proven
techniques f o r validating conceptual models, and the lack o f
sof tware t o o l s tha t work together t o a i d i n the development and
testing.
The scope o f PDES i s enormous. PDES i s envisioned t o support a l l
aspects o f product description from initial conception through
product design, manufacture, support and disposal. I n add i t i on
t o th is, PDES i s intended t o support a broad industrial base.
There i s an analogy between this e f f o r t and any enterpr ise which
attempts t o get i t s informat ion requirements under contro l . Any
pro ject which i s accountable must r e s t r i c t the scope o f i t s
e f f o r t s t o something which i s both useful and r e a l i s t i c a l l y
accomplishable within the allowed schedule and resources. The
challenge t o the PDES, Inc. p ro jec t has been t o carve out a
useful subset o f the ent i re PDES e f f o r t , and a t the same time t o
ensure tha t the piece will fit i n t o the la rger scheme. The
challenge t o the f i r s t data modeling pro jec t f o r an enterpr ise i s
t o build a framework f o r information requirements and then t o
scope follow -on e f f o r t s i n t o useful and manageable pieces.

The standards -making bodies must achieve a consensus on technical
content before a standard can be achieved. A l te rnat ive techn ica l
solutions must be weighed, and one solut ion m u s t be agreed upon.
This consensus -building process can be d i f f i cu l t and lengthy* It
i s appropriate f o r each member of such an ac t i v i t y t o have their
own company's best interests in mind. A standards organizat ion
has no cont ro l over the ava i lab le manpower o r the s k i l l s t h a t
these resources have. Ne i ther contract nor employment bind
members t o work commitments. The standards organization
management must always r e l y upon the good will o f corporate
management t o support t h e i r member contributions. A shortage of
team s k i l l s , data modeling s k i l l s and technical publications
s k i l l s have had a negative impact on the PDES development e f f o r t
[ DAY881.
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The need t o recognize tha t mu l t ip le agendas will exis t , the need
t o obta in committed resources, and the need t o have the c o r r e c t
balance o f s k i l l s ava i l ab le are a l l project -planning issues.
These issues were addressed by the PDES, Inc. requirements
p ro jec t , and they are re levant t o other requirements p ro jec ts and
data modeling a c t i v i t i e s .

The technical issues are not any easier t o solve. One technica l
issue has been t h e data modeling techniques. I n developing PDES,
a number o f data modeling approaches have been used. EXPRESS i s
formal descriptive language f o r data def in i t ion. EXPRESS was
chosen f o r writing the normative spec i f ica t ion forwarded t o I S 0
TC184 SC4. IDEF lX i s a graphical semantic data modeling
technique. An informational annex t o the spec i f i ca t ion used
IDEFlX. I D E F l X and other data modeling techniques were used t o
develop t h e information content embodied i n the speci f icat ion.
Each committee within the IGES/PDES Organizat ion chose the
technique o r techniques they found most appropr iate [BUR891
although there were attempts t o r e s t r i c t t h e i r work t o e i t h e r
IDEFlX, EXPRESS o r both. Only IDEF and EXPRESS are being used i n
the PDES, Inc. e f f o r t s .

No proven t rans la t ion u t i l i t i e s e x i s t between I D E F l X and EXPRESS.
There i s no d i r e c t correspondence between a l l concepts, although
a correspondence can be derived f o r a major i ty o f concepts.
While EXPRESS definitions can convey more concrete implementation
decisions and more formal ized constraints, the semantics o f
information should be compatible between the IDEFlX and the
EXPRESS forms. The compatibi l i ty o f semantic content i s one key
issue i n val idat ing the specif icat ion.

Another technical issue i s r e l a t e d t o the best approaches f o r
test ing conceptual in fo rmat ion models. The in i t ia l months o f
experience w i t h the software testing -based techniques l e d some
pro jec t members t o question whether there were be t te r methods f o r
verifying the quali ty and usefulness o f these resources. The
c r i t e r i a found i n the speci f icat ion was e i t h e r extremely high-
leve l , such as design goals, o r exp l i c i t l y stated within the
model t o be tested. Many c r i t e r i a t h a t the test ing team could
derive read i l y were subjective, and there were questions o f
whether the c r i t e r i a could address usefulness and usabi l i ty
issues. One sample question r e l a t e s t o the Geometry Model [sub-
clause 4.31, i s it meaningful t o t e s t the model's elements when
they are only used when co l lec ted together with elements f rom
other models? A t e s t c r i t e r i a task group was formed t o analyze
the techniques in use and t o r e f i n e these techniques t o make them
more appropr ia te f o r test ing information models.

The desired environment f o r developing complex formal
speci f icat ions would include software too l s t h a t would both a i d
i n the development and par t i c ipa te i n the val idat ion o f the
speci f icat ion. Fragments ex i s t which should be p a r t o f t h i s
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environment, but the re i s nothjng which comes close t o a
comprehensive t o o l s e t f o r PDES. Such too ls could play an
important r o l e i n the f i tness test ing o f informat ion models. The
test ing t o o l se t should include modules t o check t h e syntax, t o
check the semantic consistency, t o provide f o r constra int
checking l i b ra r i es , t o support the convenient capture o f t e s t
resul ts , and t o support a simulat ion environment. Many questions
re l a t ed t o semantics, usefulness, and compat ib i l i ty between
IDEF lX models and EXPRESS speci f icat ions can only be answered by
e i t he r simulat ion o r actual implementation. Simulat ion
techniques have promise and other standards e f f o r t s using formal
descript ive techniques have found building a simulat ion
environment t o be essent ia l [ S I J 8 9 ] .

Management o f the PDES, Inc. pro jec t chose t o study the concerns
ra ised during the i n i t i a l months o f experience by bringing
together a smal l task-group. The most pressing concerns res ted
within the domain o f test ing and val idat ion. The tes t ing tasks
were openly accepted as the most d i f f icul t t o accomplish. The
top p r i o r i t i e s were to:

Develop a testing approach tha t could evaluate glusefulness' l
by defining an applications framework f o r PDES.

Q Develop c r i t e r i a f o r the select ion o f targeted applications.
e Develop plans and just i f icat ions f o r follow -on a c t i v i t i e s .

The findings o f t h i s e f f o r t set the direct ion f o r the current
e f f o r t s o f the en t i re pro jec t .

Imnact on the PDES. Iac. P r o i ec t

The recommendations ident i f ied by the PDES, Inc. test ing c r i t e r i a
task group have resul ted i n key refinements t o the in terac t ions
between the teams. Modeling e f f o r t s are now focused on building
context -driven integrated models (CDIMs) which focus on the
information requirements o f specific applications and ident i fy
how t o apply the more general resources found in the top i ca l
models. Testing e f f o r t s are now focused on deriving acceptance
c r i t e r i a based upon what i s useful t o specif ic applications and
are res t r i c ted t o the use o f PDES f o r exchange purposes. The
implementation team now has much more specific requirements and
p r i o r i t i es f o r the too ls needed f o r model development and model
testing.
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The task team developed a set o f lessons learned f r o m t h e i r
experience f o r the follow -on ac t i v i t i es . We bel ieve tha t some o f
them have a more general appl icat ion t o a c t i v i t i e s beyond what w e
are current ly tasked t o accomplish. These are:

Any p ro jec t needs t o gain peer and management support.
A c t i v i t i e s which will accomplish 'this need t o be planned and
scheduled per iod ica l l y during the act iv i ty .

A team will natural ly have diverse sk i l ls , personal i t ies,
and agendas. The diversity i s benef ic ia l if individual
s k i l l s are ident i f ied a t the beginning and continuing team
duties are assigned based on these s k i l l s soon a f t e r the
ac t i v i t y begins. Everyone on the team needs t o be
responsible f o r tasks t h a t they can successfully perform.

The structured methodology provided us with an opera t iona l
framework t h a t was valuable i n keeping us focused and making
e f f i c i e n t use o f time. The specif ics o f this will be
discussed i n a paper t h a t fol lows.

The team e f f o r t r e a l l y did produce be t te r results. We had
good expert ise and experience on the team.. S t i l l , even the
best individual contr ibut ion was weak when compared t o a
team col laborat ive e f f o r t .

Having a support team was CRITICAL t o the success. The
greatest impact came from those who part ic ipated i n a review
capacity. Even the most br i l l iant idea needs a sanity
check. These reviews kept us on track, added value, and
accelerated our progress.

Other support team members allowed us t o keep focused on our
work by making sure the f a c i l i t i e s and supplies we needed
were avai lable.

Addit ional ISSU8S Iden t i f i ed

The testing requirements task group was able t o ident i fy
add i t i ona l issues r e l a t i n g t o the val idat ion o f CDIMs and the
specif icat ion. These issues could no t be resolved within the
scope o f the act iv i ty . They remain as issues which m u s t be
resolved within the fol low - on PDES, Inc. a c t i v i t i e s and through
PDES, Inc. coordinat ion with the standards organization.

The f i r s t issue which needs reso lu t ion i s the e f fec t o f CDIM
va l ida t ion on the top i ca l models and other work from the
standards organization. Val idat ing a CDIM only val idates t h e
port ions o f models t h a t were needed by the application. A CDIM
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i s va l ida ted only f o r the speci f ic usages within the appl icat ion
context. The implicat ion i s t h a t va l ida t ion needs t o occur f o r a
var ie ty o f usages before there i s a degree o f confidence t h a t t h e
top ica l models i n the speci f icat ion are sui table f o r the var ie ty
o f discipl ines the speci f icat ion i s targeted t o support.

The next issue re la tes t o what information should be i n the
general requirements found currently i n top i ca l models. It i s
l i k e l y tha t addi t ional information requirements will be
ident i f ied f o r the appl icat ion usages. The unanswered question
i s by what c r i t e r i a should these requirements be evaluated t o
determine if any should be added t o the resource pools o f t o p i c a l
models.

The l a s t issue i s t h a t the review of CDIM development and tes t ing
approach ident i f ied a relationship t o work going on i n t h e
Appl icat ion Val idat ion Methodology Committee o f the IGES/PDES
Organization. Their appl icat ion protocol (AP) work has s i m i l a r
concepts [HAR89]. The AP methodology has only recent ly been
adopted f o r PDES, although the AP methodology i s being tested i n
the IGES environment. This methodology requi res further
refinement i n order t o ensure i t s u t i l i t y f o r PDES. We f e e l t h a t
the CDIM development and test ing should precede the development
o f standardized appl icat ion protocols.

There are four fol low - on ac t i v i t i es taking place. Two are
developing CDIMs and t w o are developing test ing c r i t e r i a f o r
CDIMs. This work will take three months t o complete.

Terminoloar Defined

The fo l lowing terms can be expected t o be used throughout the
ser ies o f papers:

Application Protocol (AP) - A method t o achieve
consistent and r e l i a b l e exchange o f product def in i t ion
data within a specif ied appl icat ion area. The key
components o f an appl icat ion protocol are a conceptual
information model f o r the application area w i t h
supporting documentation, an application pro toco l
format specification, and a set o f appl icat ion pro toco l
t e s t cases. [HARSS]

Assortions - A log ica l expression specifying a s ta te
t h a t must ex is t and/or a set of conditions that a
process inter face must sat is fy a t a par t icu lar point
during process execution. [ ISOSS - 11
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Conceptual Information Model - A descript ion o f the
information requirements, re lat ionships between
informational objects, informat ion structure, and
constraints f o r a subject area.

Conformance Testing - The testing o f a candidate
product f o r the existence o f speci f ic character is t ics
requ i red by a standard. Testing the extent t o which an
implementation under t e s t is a conforming
implementation. [OS1881

Context Driven Integrated Model (CDIM) - A conceptual
information model which represents the information
requirements o f a discipl ine o r application usage. The
model i s in tegrated because it draws upon the resources
o f other models t o specify shared information
requirements and i s not speci f ic t o an application.

Expected Result - A foreseen t e s t outcome converted t o
the requi red form f o r analysis. [ I S O 8 9 - 1 ]

Fitness Test - The review and walk-through o f an
appl icat ion reference model which demonstrates t h a t the
model i s useful i n a par t i cu la r application area.
[ ISO89 - 11

Integrated Model - A conceptual information model
which represents the assemblage o f multiple information
models i n t o a coherent, non-redundant, and internal ly
consistent model. A n integrated model i s characterized
by an even degree o f d e t a i l and elements which are a t
the same l e v e l o f abstraction.

Integrity Testing - Those tests applied which
demonstrate t h a t an application reference model i s
syntact ical ly correct and self - consistent. [ ISO89 - 1]

Semantics - (1) The meaning t h a t i s assigned t o an i t e m
o f information. [HAR89] (2) The discipline o f
expressing the meanings o f computer language constructs
in metalanguages. [ANS83]

Topical Model - A conceptual information model which
represents the se t o f information requirements needed
t o represent a subject mat ter . ’ A top ica l model i s
intended t o be a shared resource and there fore i s not
expected t o contain concepts speci f ic t o any par t i cu la r
app l ica t ion o r industry.

V e r i f i c a t i o n - The process of determining whether o r
not t h e products o f a given phase o f the development
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cycle fulfill the requirements established during the
previous phase. [IEEE84]

Viability Tasting - The process o f f i tness test ing and
integri ty testing. (ISO89 - 1)
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